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Validated reliability and safety is one of four critical challenges 
identified in 2013 Grid Energy Storage Strategic Plan2

Failure rates as low as 1 in several 
million, 

Potentially many cells used in 
energy storage.

Moderate likelihood of ôsomethingõ 
going wrong, 

A single cell failure that propagates 
through the pack can have an impact 
even with low individual failure rates.

How do we decrease the risk?
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Approaches to designing in safety3

Simulated 

short circuit

The current approach is to test our way into safety.

ÁLarge system (>1MWh) testing is difficult and costly.

Supplement testing with predictions of challenging 
scenarios and optimization of mitigation.

Á Develop multi-physics models to predict failure 
mechanisms and identify mitigation.

Á Build capabilities with small/medium scale 
measurements.

Á Still requires some testing and validation.



Simulating cascading failure of cell stack4
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Lamb, J., et al. (2015). J. Power Sources 283: 517-523.
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Simulating cascading failure of cell stack6
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Cascading runaway: 
From temperature measurements to understanding heat release7

Propagation data from Sandia (Lamb, et al. (2015) and Torres -

Castro) for 5 x cells.

Extracted heating rate from thermocouples.

Peak heating rates ᴼcell thermal runaway 

Measured temperatures in 

cascading failure: Time 

separation associated with

intercell -thermal resistance 
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Data mining: cell crossing and gap crossing times.8

Timing for propagation front 
to cross spacers

Timing for propagation front to 
cross a single pouch cell
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Limits of cascading thermal runaway9

Including cooling defines propagation limits: Finite -element heat -transfer model

Model maps delay in propagation: yellow region is infinite delay ñfailure to propagate .

Ró is thermal resistance between cells ðenhanced by spacers in experiments.

Tmax is indication of total heat release ðdepends on SOC 

Convection cooling and conduction through stack results in failure to propagate for 

some scenarios. 

Consider cost tradeoff : cooling versus thermal resistance.
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